






TABLE 1
Silverbell Landfill

Proposed Treatment System Cost Summary

ITEM CAPITAL COST
O&M COST 
PER YEAR

Years of 
Operation

ANNUALIZED COST 
(without 30% 
Contingency)

ANNUALIZED COST 
(with 30% Contingency) Comments

Phase I Design, Construction and Operation 6,039,000$           690,000$        20 851,900$                    1,217,000$                       Costs expected annually years 1‐5 and years 15‐20. 

Phase II Design, Construction and Operation  2,491,000$           389,000$         10 509,600$                      728,000$                            Expected cost years 5‐15 to treat MTBE, TBA and TAME.

See SCS Engineering Report Table 4.  SCS annualized Costs include 6% inflation rate
Phase I is to treat PCE only for 20 years
Phase II is to treat MTBE, TBA and TAME in addition to PCE  (assumes concentrations increase in year 5 and fall off after year 15)
TBA and TAME treatment is based on best available technology in 2012 (assumes concentrations increase in year 5 and fall off after year 15)
Costs based on RS Means 2009, 2010
15% is included as contractor overhead and profit

S:\EMCOMMON\SILVERBELL\P&TSys\P&T capital estimate 10/19/2012
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T E C H N I C A L  M EMO R A ND U M  

T O :  Molly Collins, City of Tucson 

F R O M :  Brad Johnston, SCS Engineers 

S U B J E C T :  Recommended Conceptual Design Modifications 
Silverbell Landfill WQARF Site Pump and Treat System Phase 1 and 2 

 
I N TR OD U C T I O N  

The following is a description of key elements of the conceptual design for the groundwater 
pump and treat system proposed for the Silverbell Landfill WQARF site.  The conceptual design 
includes two Phases:  Phase 1 is intended to address the perchlorethylene (PCE) plume that 
currently exists at the site.  Phase 2 is intended to address an off-site methyl tertiary butyl ether 
(MTBE), tertiary butyl alcohol (TBA), and tertiary amyl methyl ether (TAME) plume that may 
in the future be drawn into the remediation system from the Kinder Morgan pipeline release 
southeast of the site.  It should be noted that these Phases are not equivalent to the two phases 
that were described in the January 2010 Remedial Action Plan Implementation - Evaluation of 
Remedial Alternatives report. 

This conceptual design for Phase 1 is a revision of the original conceptual design that was 
developed by Malcolm Pirnie as described in Section 4 (dated November 2009) of the above-
referenced report, and subsequently modified by the Remedial Action Plan Implementation – 
Updated Modeling Study for Phase 1 Implementation Alternatives dated October 2011. 
Extraction and injection well designs were verified by Clear Creek Associates in May 2012. 

The Phase 2 conceptual design is based on groundwater fate and transport modeling that was 
performed by Clear Creek Associates as summarized in a letter report dated June 4, 2012.   The 
model predicts that MTBE and TBA will arrive at the southern extraction well within 5 years of 
system startup.  The MTBE concentration in the combined water from the two extraction wells is 
predicted to reach a maximum of 30 to 40 µg/L, and the maximum TBA concentration is 
predicted to reach a maximum of 300 to 400 µg/L.  These maximum concentrations are 
anticipated to occur within 5 to 10 years after startup, and should decrease significantly by 
approximately 15 years after startup.   

Based on limitations of the model, the actual concentrations of MTBE, TBA, and TAME that 
may be drawn into the system are uncertain.  The model is based on best available information, 
but site-specific information regarding degradation of MTBE and generation of TBA is not 
available at this time.  Therefore, contractors should be aware that the design parameters for 
MTBE and TBA/TAME are considered assumptions at this time.  These parameters should be 
reevaluated and if necessary modified prior to final design and installation of Phase 2.  
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The recommendations described below are not intended to be project specifications.  Contractors 
should feel free to recommend alternatives or modifications if they will improve the efficiency of 
the proposed system. 

P H A S E  1  

As described below, the proposed Phase 1 system includes the following: 

• An initial groundwater pump-and-treat system which will have a capacity of 1,000 
gallons per minute (gpm), and which will have the capability of removing PCE to less 
than 1 ug/l. 

As previously discussed, the Phase 1 design is based on an existing conceptual design prepared 
by Malcolm Pirnie.  Table 1 below provides a summary of changes and additions to the original 
conceptual design, and these changes are discussed in more detail in the following text. 

T a b l e  1 .  P h a s e  1  S u m m a r y  o f  D e s i g n  C h a n g e s  

  Component Changes to Original Design 

Phase 1 - 1,000 gpm, PCE is Primary COC, MTBE will be addressed as it appears 

  Extraction Wells Decrease number of wells from 4 to 2; no changes in design details 

  Extraction Well Pumps Increase capacity from 200 gpm per well to 400 and 600 gpm 

  Injection Wells Increase number of wells from 3 to 4 (add backup well) 

  Injection Pumps Increase capacity from 400 gpm per unit to 500 gpm per unit 

  Pretreatment No changes 

  Air Strippers Increase capacity from 2 units at 400 gpm/2,400 scfm to 2 units at 500 
gpm/3,600 scfm.  

  Duct Heater Increase capacity from 5,000 scfm to 7,500 scfm.  

  Vapor Phase GAC Increase capacity from 5,000 scfm to 7,500 scfm (5,000# carbon to 10,000# 
carbon).  

  Electrical Decrease in load for initial system, but possible increase in total load if MTBE 
modification is implemented.  Decrease in total wiring/conduit amounts.  

  Piping Decrease in linear footage due to changed layout 

E x t r a c t i o n  W e l l s  

The modeling performed in the October 2011 Updated RAP assumed injection and extraction 
wells were screened through the three upper layers, to a total well depth of 320 feet below 
ground surface (bgs), which is approximately 160 feet below the water table.  However, the 
Updated RAP also indicates that the final design may need to be modified as follows:  “The well 
depths for the extraction wells, while necessary for well operational performance, could create an 
opportunity for cross-aquifer contamination during non-pumping periods.  Design of the 
individual extraction wells should consider incorporating features such as annular seals and blank 
casing sections to aid in limiting potential cross aquifer groundwater flow.”  Evaluation of vertical 
flow issues was not included in this conceptual design scope of work.   
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Final design of the extraction wells should confirm well diameter and screen type/size based on 
increased flow from 200 gpm to 400 and 600 gpm, and evaluate potential casing design to 
control vertical flow if indicated by recent monitoring well installation and testing. 

Although the final design should address the issues discussed above, this conceptual design assumes 
that the extraction wells will be constructed as described in the November 2009 RAP (Figure 14), 
which is consistent with model parameters used in the Updated RAP.   

T a b l e  2 .  E x t r a c t i o n  W e l l  P a r a m e t e r s  

Depth 320 feet 
Borehole Diameter 17.5 inches 
Casing Diameter 12.75 inches 
Blank Casing Type Low Carbon Steel 
Screen Type High Strength Low Alloy, Louvered  
Screen Slot Size  0.050 inches 
Screen Interval 175-300 feet 

E x t r a c t i o n  W e l l  P u m p s  

The original design was based on a pumping rate of 200 gpm from each extraction well.  Based 
on the modeling in the Updated RAP, the per-well pumping rates were increased to 400 and 600 
gpm, and extraction well pump capacities have been increased accordingly. 

T a b l e  3 .  E x t r a c t i o n  W e l l  P u m p  P a r a m e t e r s  

 Well EXT-N Well EXT-S 
Type submersible submersible 
Capacity 600 gpm 400 gpm 
Total Dynamic Head 210 ft water 210 ft water 
Horsepower 60 40 
RPM 3,450 3,450 
Outlet Size 6 inches 4 inches 
Drive Type variable speed variable speed 
Volts/Phase/Hertz 460/3/60 460/3/60 
Preliminary Specification Grundfos 625S600-3A or equivalent Grundfos 385S400-5 or equivalent 

I n j e c t i o n  W e l l s  

As discussed under Extraction Wells, the injection wells are assumed to be screened through the 
three upper layers, to a total well depth of 320 feet.  This differs from the original design in the 
November 2009 RAP, which included a screened interval from 200 to 400 feet.  The per-well 
injection rate will increase from 200 to 333 gpm, so casing and screen specifications should be 
confirmed.   

For this conceptual design, it is assumed that the injection wells will be constructed as described in 
the November 2009 RAP (Figure 15), except that the total well depth will be decreased from 420 to 
320 feet, and glass beads will be used as the filter pack material instead of silica sand. 
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T a b l e  4 .  I n j e c t i o n  W e l l  P a r a m e t e r s  

Depth 320 feet 
Borehole Diameter 17.5 inches 
Casing Diameter 10 inches 
Blank Casing Type Low Carbon Steel 
Screen Type Stainless Steel Wire Wrap  
Screen Slot Size  0.060 inches 
Screen Interval 100-300 feet 

I n j e c t i o n  P u m p s  

The injection well pumps have been increased in capacity from the original design flow of 800 
gpm total to 1,000 gpm total.  Configuration is the same as the original conceptual design. 

T a b l e  5 .  I n j e c t i o n  P u m p  P a r a m e t e r s  

Type end suction centrifugal 
Quantity 2 
Design Flow 500 gpm (1,000 gpm total) 
Total Dynamic Head 265 
Horsepower 50 
RPM 3,550 
Net Positive Suction Head 9 ft of water 
Drive Type variable speed 
Volts/Phase/Hertz 460/3/60 
Preliminary Specification Goulds Series SSH or equivalent 

P r e t r e a t m e n t  

Pretreatment of extracted groundwater is assumed to be the same as the original conceptual 
design, except for a slightly higher feed rate based on the increased system flow rate.  This 
reduces the days of storage provided by the three chemical storage totes; if a longer storage 
capacity is desired, additional totes or a permanent aboveground storage tank should be 
considered.  

T a b l e  6 .  P r e t r e a t m e n t  P a r a m e t e r s  

Sequestering Agent 
 Type liquid 

Concentration 33% 
Specific Gravity 1.35 

Design Flow 1,000 gpm 
Dose 3.3 mg/l 

Feed Rate Approx 0.45 gph 
Preliminary Specification H2OSmart SeqQuest or equivalent 
Storage 

 Tote Capacity (gal) 
 # of Totes 3 (1 + 2 backup) 

Days of Storage 93 
Metering Pumps 

 



 
 
 
T E C H N I C A L  M E M O R A N D U M  
J u l y  3 ,  2 0 1 2  
P a g e  5  
 

Type diaphragm 
Quantity 2 (1 + 1 backup) 

Feed Rate  12 gph 
Preliminary Specification Neptune PZi-31 or equivalent 

A i r  S t r i p p e r  

For the initial system, the air stripper capacity has been increased from the original design to 
accommodate the increase in total system flow from 800 to 1,000 gpm.  The power rating of the 
blower motor is higher than the stock specification to accommodate potential back pressure from 
the carbon vapor treatment system.  

T a b l e  7 .  A i r  S t r i p p e r  P a r a m e t e r s  

Type low profile 
Quantity 2 
Design Liquid Flow Per Unit 500 gpm (1,000 total) 
Trays Per Unit 6 
Air Inlet Flow 3,600 scfm 
Air-Water Ratio 54:1 
Blowers (1 per stripper):   

Design Air Flow 3,600 scfm @ 34” water 
Horsepower 60  

Volts/Phase/Hertz 460/3/60 
Preliminary Specification BISCO 61251 or equivalent 

D u c t  H e a t e r  

Due to the increased airflow from the air strippers (original design 5,000 scfm, revised design 
7,200 scfm), the duct heater capacity has been increased.  Telemetry control capability has also 
been added. 
 

T a b l e  8 .  D u c t  H e a t e r  P a r a m e t e r s  

Type finned tubular, stainless steel 
Quantity 1 
Flow 7,200 scfm 
Max Influent Temp 76O

Max Influent Relative Humidity 
F, dry bulb 

100% 
Effluent Relative Humidity 40% 
Heating Load  335,000 BTU/hr 
Volts/Phase/Hertz 460/3/60 
Kilowatts 101 
Preliminary Specification Brasch 

V a p o r  P h a s e  G A C  C o n t a c t o r  

The original design for a single vessel contactor has been increased in capacity to accommodate 
the increased airflow.  The unit can be charged with less carbon if desired and still meet 
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performance standards, but using 10,000 pounds as specified will prolong the time between 
carbon changes. 

T a b l e  9 .  V a p o r  P h a s e  G A C  C o n t a c t o r  
P a r a m e t e r s  

Flow (scfm) 7,200 scfm 
Carbon Type VC 4x8 coconut 
Capacity (# carbon) 10,000 pounds carbon 
Max Influent Temp  120O

Max Influent Relative Humidity 
F 

50% 
Preliminary Specification Siemens RB10 or equivalent 

E l e c t r i c a l  

Electrical plans and specifications are assumed to be the same as those described by Malcolm 
Pirnie in the November 2009 RAP, except for the number of wells and length of wiring runs 
from the treatment compound to the wells. General load calculations and the length of wiring 
runs were revised accordingly, using the spreadsheets that were developed by Malcolm Pirnie in 
the November 2009 RAP and subsequent revisions.  Electrical requirements must be verified 
during final design due to variables in the proposed system.  

T a b l e  1 0 .  G e n e r a l  E l e c t r i c a l  P a r a m e t e r s  

Load for Initial (PCE only) System (KVA/AMP) 381/458 
Load for MTBE System Modification (KVA/AMP) 198/238 
Total Load for Phase I System (KVA/AMP) 579/697 

T e l e m e t r y  

Remote telemetry has been added.  This would consist of a broadband modem connected to the 
processor located at PLC-SB (Figure 24 of November 2009 RAP).  The broadband modem 
would be connected to the internet over a broadband or DSL communications network. The 
modem would be assigned a dedicated IP address by the local provider which would be 
accessible by the Operator Work Station (OWS).  The OWS would include Graphical User 
Interface (GUI) software, programmed to depict the system variables, setpoints, and alarms as 
detailed on Figure 24 of the November 2009 RAP.  The GUI software will have pop-up windows 
for each piece of process equipment which will show status and setpoints, and will allow control 
of the equipment based on operator adjustable inputs.  The OWS will also include reporting 
software and Microsoft Office. 

P i p i n g  

The original design specified 10” piping for extraction wells and 8” piping for injection wells.  
These parameters result in header flow velocities of approximately 4 and 6 feet per second 
respectively at the increased flow of 1,000 gpm, which is within typical limits.  However, this 
specification and associated pump sizes should be verified during final design.   
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The proposed remediation system piping alignment crosses existing underground utilities in at 
least one area.  For example, an existing sewer line associated with the nearby Estes 
development is present at approximately 2.5 feet below ground surface, so remediation system 
piping will need to cross beneath or over this feature.  Contractor must verify any such crossings 
and the method of crossing them.  Furthermore, pump and piping sizes that may be affected by 
elevation changes should be verified during final design.  

Based on the previous design, it is assumed that a common header pipe will be used for the 
injection wells, and a common header pipe will be used for the extraction wells.   

A r c h a e o l o g i c a l  C l e a r a n c e  

Archaeological clearance may be required for all or portions of the area that will be disturbed by 
construction activities.  Contractor is responsible for verifying and performing such clearances. 

P H A S E  2  

As discussed above, Phase 1 system is intended to remediate PCE at the present time.  Phase 2 of 
the system may include modification(s) of the system to treat the off-site MTBE, TBA, and 
TAME plume when/if the plume is drawn into the extraction system. The Phase 1 conceptual 
design is laid out in such as manner as to facilitate addition of components, and this flexibility 
should be included in the final design and construction of Phase 1. 

Any system modifications for MTBE, TBA, and TAME should be based on whether the on-site 
monitoring well network confirms movement of the off-site plume toward the extraction system.  
At that time, actual site-specific concentrations of MTBE, TBA, and TAME should be used to 
confirm whether these assumed system modifications are necessary and appropriate.  These 
assumed modifications include the following:  

• Modification of the initial system to treat MTBE.  The actual concentration of MTBE 
that will be treated is not known, but current information indicates that the predicted 
concentration of MTBE can be adequately treated by doubling the air-water ratio of 
the air stripping system.  Therefore, it is assumed that the modification will include 
the addition of two more air stripping units while maintaining a total system 
throughput of 1,000 gpm.  

• Modification of the system to treat TBA and TAME. Current proven air stripping 
technologies are not effective for removing associated TBA and TAME and site-
specific concentrations of these compounds are not known. Based on information 
available at the present time, technologies that have been proposed by equipment 
vendors for this site include a modified air stripping method that is currently in 
development; a fluidized bed bioreactor; and a high-performance adsorption 
technology that is currently in development.   The technology needed to remove 
TBA/TAME should be reevaluated after the migration and behavior of the 
TBA/TAME plume is better understood at the Silverbell Landfill site.  However, for 
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cost estimating purposes at this time, it is assumed that the fluidized bed bioreactor 
will be used to treat TBA and TAME. 

Technologies that were considered and are potentially capable of treating MTBE, TBA, and 
TAME are discussed below.  

A i r  S t r i p p i n g  

Based on modeling performed by Bisco Environmental Inc. (using recent modeling results 
provided by Clear Creek), the proposed initial air stripper system (two units operating at 500 
gpm each) should be capable of reducing MTBE from 40 ppb to 13 ppb, which is a 67% removal 
rate.  TBA would be reduced from 400 ppb to 389 ppb, and TAME would be reduced from 300 
ppb to 284 ppb; these removal rates are only 2.7% to 5.2%.  If two additional air strippers of the 
same model are added to the Phase 1 system so that flow through the individual units was 
reduced to 250 gpm, modeling indicates that MTBE would be reduced to less than 1 ppb, TBA to 
285 ppb, and TAME to 155 ppb.  These figures represent removal rates of 98%, 28%, and 48%, 
respectively.     

For the MTBE plume, it is assumed that two additional air stripper units with the same design 
parameters as Phase 1 will be added to the system while maintaining the same total system liquid 
flow rate of 1,000 gpm.  This is intended to increase the air-water ratio to 108:1 in each unit to 
provide better removal effectiveness for MTBE.  It is also assumed that one additional duct 
heater and one additional vapor phase GAC contactor with the same design parameters as Phase 
1 will be added to the MTBE remediation system.  Electrical requirements must also be verified. 

Bisco Environmental is currently testing a modified air stripping method which may be capable 
to achieving better removal rates for TBA and TAME.  They will reportedly be obtaining 
preliminary test results in the coming weeks, and they have expressed interest in using the 
Silverbell Landfill site as a pilot test for the system.  This technology should be investigated 
when Phase 2 design is performed.  

H i g h - P e r f o r m a n c e  A d s o r p t i o n  

Envirogen Technologies, Inc. indicated that they are currently developing a “high-performance 
adsorption” technology that should be effective for removal of TBA and TAME.  Adsorptive 
technologies for TBA and TAME are generally considered to be most effective when other 
oxygenates and fuel components are first removed by other means.  Therefore, if development of 
this product indicates it will be effective for TBA and TAME, the Phase 2 design should evaluate 
using it as a “polishing” step after the air strippers.   

F l u i d i z e d  B e d  B i o r e a c t o r  

Two firms were contacted regarding fluidized bed bioreactors.  Envirogen Technologies 
indicated that they believed the technology would not be efficient because anticipated 
contaminant concentrations will be low, and would not sustain biomass without constant addition 
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of TBA or TAME.  However, Cardno ERI proposed a system which they claim will reduce 
MTBE, TBA, and TAME to less than 10 ppb.  The system consists of four 12-foot diameter 
vessels, each with a throughput flow capacity of 250 gpm.  If the system is shut down for more 
than one day, an auxiliary feed of MTBE would be required to support the biomass in the 
bioreactor.  This technology should be investigated when Phase 2 design is performed. 

The following table summarizes Phase 2 design elements and potential alternatives. 

T a b l e  1 1 .  P h a s e  2  S u m m a r y  o f  D e s i g n  E l e m e n t s  

  Component Changes to Phase 1 Design 
Phase 2 - 1,000 gpm, will address MTBE, TBA, and TAME if/when they appear  

  Extraction Wells No changes to proposed Phase 1 system 

  Extraction Well Pumps No changes to proposed Phase 1 system 
  Injection Wells No changes to proposed Phase 1 system 
  Injection Pumps No changes to proposed Phase 1 system 

  Pretreatment No changes anticipated, but will depend on final technology selection ( e.g. pH 
stabilization could be necessary for bioreactor) 

  Piping Additional piping in treatment compound, depends on final technology selection 

  Electrical Probable need for increased capacity at treatment compound depending on 
final technology selection 

  
Air Strippers 

If necessary for MTBE, assume add 2 more 3,600 scfm units so that individual 
throughput will be 250 gpm per unit. Technology pending for TBA/TAME; 
possible alternative. 

  
Duct Heater 

If necessary for MTBE, assume add second 7,500 scfm capacity unit.  If 
additional or different air strippers are added for TBA/TAME, may require 
additional heater.  

  
Vapor Phase GAC 

If necessary for MTBE, assume add second 7,500 scfm capacity unit.  If 
additional or different air strippers are added for TBA/TAME, may require 
additional vessel or a vessel with greater capacity. 

  
Adsorption Technology for 
GW Polishing 

Technology pending for TBA/TAME; possible alternative.  May require 
additional pump(s) to maintain flow from air strippers into adsorption vessel(s). 

 

Fluidized Bed Bioreactor May require surge and equalization tanks, additional pump(s) to maintain flow 
into bioreactors, and filters.  Assumed alternative for cost estimates. 

 

C LOS I N G 

This memo and associated cost opinions represent SCS Engineers’ recommendations and 
opinions based on information available at this time.  Due to potentially changing site conditions, 
uncertainty regarding contaminant fate and transport, emerging technologies, and other factors, 
the information herein should be verified by potential bidders and the Contractor performing the 
final design. 

SCS appreciates the opportunity to assist the City of Tucson with this project. 



City of Tucson 
Silverbell Landfill WQARF Site 

Tucson, Arizona 

Figure  1  
Site Location 

N 

Approximate Scale in 
Miles 

0 1 

N 

SITE 



City of Tucson
Silverbell Landfill WQARF Site

Tucson, Arizona

Figure  2 
Overall System Layout

N

Approximate 
Scale in Feet

0 500

Detail - Existing Utilities at 
Treatment Compound

Sanitary 
Sewer Non-Potable 

Water

Potable
Water

Electrical

Treatment 
Compound

Proposed Treatment 
System Utilities

Extraction WellsTreatment 
Compound

Injection 
Wells

Approximate 
Location of Estes 
Sewer Line Easement



Figure Number 3
TREATMENT PROCESS
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Figure Number 4
TREATMENT COMPOUND LAYOUT
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TABLE 1
REVISED COST OPINION

PHASE 1 SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
CAPITAL COSTS

Cost Items Quantity Unit Unit Cost ENR CCI Materials6 Labor2 Item Subtotal References/Comments

CONSTRUCTION COSTS

Wells
Extraction Wells (includes 2 extraction wells) 2 LS 150,000$  9290 300,000$  75,000$   300,000$        Yellow Jacket May 2012
Injection Wells (includes 4 injection wells) 4 LS 150,000$  9290 600,000$  150,000$ 600,000$        Yellow Jacket May 2012

Subtotal Well Construction Cost: 900,000$        
Well Pumps
400 gpm Extraction Well Submersible Pump 1 EA 20,000$    9273 20,037$    5,009$     25,100$          Grand Canyon Pump & Supply April 
600 gpm Extraction Well Submersible Pump 1 EA 28,600$    9273 28,652$    7,163$     35,900$          Grand Canyon Pump & Supply April 
1" Sounding Tube, PVC 1800 LF 0.72$        8574 1,404$      351$        1,800$            Ryan Herco (MP)
1" Transducer Tube, PVC 1800 LF 0.72$        8574 1,404$      351$        1,800$            Ryan Herco (MP)
Transducers 6 EA 2,500$      8574 16,253$    4,063$     20,400$          Malcolm Pirnie (MP)
4" Galvanized Steel Extraction Well Piping 540 LF 86$           9290 46,170$    Incl. 46,200$          RS Means 2012 22 11 13.44 1400
4" Galvanized Steel Injection Well Piping 1,240 LF 86$           9290 106,020$  Incl. 106,100$        RS Means 2012 22 11 13.44 1400
Inflatable Packer 4 EA 17,000$    8574 73,679$    Incl. 73,700$          Baski (MP)
8" Flow Control Valve (motor-operated) 4 EA 7,530$      8574 32,635$    8,159$     40,800$          Dezurik (MP)

Extraction Well Heads
Pre-fabricated Utility Box (5'x10'x6') 2 EA 3,900$      9290 7,800$      Incl. 7,800$            RS Means 2012 33 05 16.13 0050
Aluminum checkered Man-way Plate Cover (4'x6'; 24 SF) 2 EA 742$         9290 1,484$      Incl. 1,500$            RS Means 2012 05 54 13.20 0300
Excavation (7'x12'x6') 1,008 CY 10$           9290 9,647$      Incl. 9,700$            RS Means 2012 31 23 16.16 6060
Compacted Fill, 12" 160 CY 3$             8952 437$         Incl. 500$              RS Means 2010 31 23 23 2000 (MP)
Combination Air/Vacuum Release Valve Assembly with Tee 2 EA 1,050$      8185 2,384$      596$        3,000$            Malcolm Pirnie (MP)
4" Check Valve 2 EA 1,387$      9290 2,774$      Incl. 2,800$            RS Means 2012 23 05 23.80.1460
4" PVC Ball Valve 2 EA 750$         9290 1,499$      375$        1,900$            RS Means 2012 22 05 23.60 5910
4" Flow Meter 2 EA 1,400$      8185 3,178$      795$        4,000$            Micrometer (MP)

Site Work
Gravel Driveway (6" thick) 802 SY 7.19$        9290 5,766$      Incl. 5,800$            RS Means 2012 32 11 23.23 0100
Chain Link Fence, 3-strand barbed wire (6 ft) 456 LF 17$           7942 9,020$      Incl. 9,100$            SAVSARP - cost opinion (MP)
10-in Ductile Iron Pipe - from extraction wells to treatment plant 3,000 LF 21$           8952 65,534$    16,384$   82,000$          ACIPCO Jan 2011 (MP)
8-in Ductile Iron Pipe - from treatment system to injection wells 1,500 LF 16$           8952 25,373$    6,343$     31,800$          ACIPCO Jan 2011 (MP)
Trench Excavation (for 10-in Ductile Iron Pipe) 964 CY 5.09$        9290 4,909$      Incl. 5,000$            RS Means 2012, 31 23 16.13 0090
Trench Excavation (for 8-in Ductile Iron Pipe) 429 CY 5.09$        9290 2,186$      Incl. 2,200$            RS Means 2012, 31 23 16.13 0090
Backfill (for 10-in Ductile Iron Pipe) 904 CY 4.63$        8952 4,343$      Incl. 4,400$            RS Means 2010, 31 23 23.13 1900 (MP)
Backfill (for 8-in Ductile Iron Pipe) 399 CY 4.63$        8952 1,918$      Incl. 2,000$            RS Means 2010, 31 23 23.13 1900 (MP)

Electrical and Instrumentation & Controls Site Work
Electrical utility service to plant 1 LS 100,000$  8952 103,776$  Incl. 103,800$        Malcolm Pirnie/2009 RS Means (MP)
Service Entrance Switchboard (480V, 1200A, NEMA 3R) 1 EA 50,000$    8952 51,888$    Incl. 51,900$          Malcolm Pirnie/2009 RS Means (MP)
Motor Control Center (480V, 1200A, NEMA 12) 1 EA 100,000$  8952 103,776$  Incl. 103,800$        Malcolm Pirnie/2009 RS Means (MP)
Variable Frequency Drives  (for Extraction Wells, incl in pump price) EA -$               Malcolm Pirnie/2009 RS Means (MP)
Variable Frequency Drives  (50HP for Injection Wells) 2 EA 40,000$    8952 83,021$    Incl. 83,100$          Malcolm Pirnie/2009 RS Means (MP)
Miscellaneous Loads (lighting, grounding, receptacles) 1 LS 50,000$    8952 51,888$    Incl. 51,900$          Malcolm Pirnie/2009 RS Means (MP)
Flow Control Valve Disconnect Switches 4 EA 1,000$      8952 4,151$      Incl. 4,200$            Malcolm Pirnie/2009 RS Means (MP)
Treatment Plant Conduit and Wire 1 LS 100,000$  8952 103,776$  Incl. 103,800$        Malcolm Pirnie/2009 RS Means (MP)
Site Conduit and Wire 1 LS 457,000$  8952 474,255$  Incl. 474,300$        Table 2
Injection Concrete Hand Holes 10 EA 2,500$      8952 25,944$    Incl. 26,000$          Malcolm Pirnie/2009 RS Means (MP)
Extraction Concrete Hand Holes 10 EA 2,500$      8952 25,944$    Incl. 26,000$          Malcolm Pirnie/2009 RS Means (MP)

Instrumentation
Ultrasonic Level Transmitter 3 EA 1,000$      8952 3,113$      Incl. 3,200$            Malcolm Pirnie/2009 RS Means (MP)

EA $ 9 $ 6$ M l l  Pi i /2009 RS M  (MP)Level Switch - Float 3 EA 500$         8952 1,557$      Incl. 1,600$            Malcolm Pirnie/2009 RS Means (MP)
Propeller Flowmeter 9 EA 2,000$      8952 18,680$    Incl. 18,700$          Malcolm Pirnie/2009 RS Means (MP)
Magnetic Flowmeter 1 EA 5,000$      8952 5,189$      Incl. 5,200$            Malcolm Pirnie/2009 RS Means (MP)
Differential Pressure Transmitter 1 EA 500$         8952 519$         Incl. 600$              Malcolm Pirnie/2009 RS Means (MP)
Pressure Indicator 2 EA 500$         8952 1,038$      Incl. 1,100$            Malcolm Pirnie/2009 RS Means (MP)
Pressure Switch 2 EA 500$         8952 1,038$      Incl. 1,100$            Malcolm Pirnie/2009 RS Means (MP)
Diaphram Seal 2 EA 500$         8952 1,038$      Incl. 1,100$            Malcolm Pirnie/2009 RS Means (MP)
Relative Humidity Analyzer 1 EA 5,000$      8952 5,189$      Incl. 5,200$            Malcolm Pirnie/2009 RS Means (MP)
Local Control Panel LCP-SB 1 EA 75,000$    8952 77,832$    Incl. 77,900$          Malcolm Pirnie/2009 RS Means (MP)
Local Control Panel LCP-CHEM 1 EA 25,000$    8952 25,944$    Incl. 26,000$          Malcolm Pirnie/2009 RS Means (MP)
Remote Telemetry 1 EA 12,000$    9273 12,022$    3,005$     15,100$          Telemetry Process and Controls April 
Broadband Connection to Treatment Compound 1 EA 5,000$      9273 5,009$      1,252$     6,300$            SCS 2012

Concrete (Bldg Foundation & Structures)
Excavation 119 CY 13$           9290 1,562$      Incl. 1,600$            RS Means 2012 31 23 16.16 6070
Compacted Fill, 6" 60 CY 2$             8952 132$         Incl. 200$              RS Means 2010 31 23 23 2000 (MP)
Concrete Slab on Grade, 12" 119 CY 156$         9290 18,581$    Incl. 18,600$          RS Means 2012 03 30 53.40 4700
Equipment Pads, (i.e. air stripper and chemical totes), 6" thick 392 SF 11$           9290 4,404$      Incl. 4,500$            RS Means 2012 03 30 53.40 5210

Building
Canopy 1750 SF 31$           9290 54,635$    Incl. 54,700$          RS Means 2012 10 73 16.20.7750 
Secondary Containment Curb for Totes (Concrete) 60 LF 13$           9290 753$         Incl. 800$              RS Means 2012 32 16 13.13 0400
Electrical Building 1 LS 20,000$    7942 23,395$    5,849$     29,300$          Tucson Water - control building cost (MP)

Air Conditioner 1 EA 1,317$      9290 1,317$      Incl. 1,400$            RS Means 2012 23 81 13.10 0260

PROCESS EQUIPMENT

A i l  Anti-scale treatment
Chemical pumps for sequstering agent injection 2 EA 365$         8528 795$         199$        1,000$            Pollard Water

Aeration Equipment - Phase 1 for PCE only
Shallow Tray Aerator (stripper, blower, controls, delivery) - Initial 2 EA 95,000$    9290 190,000$  47,500$   237,500$        BISCO Environmental, Inc. May 2012

Sound Enclosure for Air Stripper Blowers - Initial System 1 EA 9,000$      8952 9,340$      2,335$     11,700$          BISCO Environmental, Inc. (MP)
Air Filter for Blower Inlet - Initial System 1 EA 2,000$      8952 2,076$      519$        2,600$            BISCO Environmental, Inc. (MP)

Vapor Phase Carbon Contactor - Initial System 1 EA 52,000$    9273 52,095$    13,024$   65,200$          Siemens RB10 quote April 2012 
Duct (36"x36") - Initial System 1 LS 11,830$    8952 12,277$    3,069$     15,400$          Perry Fiberglass Products (MP)

Electric Duct Heater 1 EA 9,000$      9273 9,016$      2,254$     11,300$          Brasch - Moore Mechanical April 2012
Duct Insulation 1 LS 2,083$      8952 2,162$      Incl. 2,200$            RS Means  2012 23 07 13.10 0100

Process Piping and Valves 1 LS 26,200$    8952 27,189$    6,797$     34,000$          Malcolm Pirnie (10% of equipment costs)
Transfer pumps - Initial System 2 EA 12,413$    8574 26,898$    6,725$     33,700$          Grand Cayon Pumps April 2009 (MP)
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TABLE 1
REVISED COST OPINION

PHASE 1 SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
CAPITAL COSTS

Cost Items Quantity Unit Unit Cost ENR CCI Materials6 Labor2 Item Subtotal References/Comments

SYSTEM STARTUP

Start-up Plan Development
Engineer 60 HR 120$         8952 7,472$      7,500$            Malcolm Pirnie
Senior Engineer 4 HR 220$         8952 913$         1,000$            Malcolm Pirnie
Project Manager 16 HR 180$         8952 2,989$      3,000$            Malcolm Pirnie
Adminstrative 16 HR 65$           8952 1,079$      1,100$            Malcolm Pirnie
Materials 1 LS 1,000$      8952 1,038$      1,100$            
Start-up Plan Implementation and Reporting3

Field Technician 120 HR 80$           8952 9,962$      10,000$          Malcolm Pirnie
Engineer 40 HR 160$         8952 6,642$      6,700$            Malcolm Pirnie
Project Manager 16 HR 180$         8952 2,989$      3,000$            Malcolm Pirnie
Adminstrative 16 HR 65$           8952 1,079$      1,100$            Malcolm Pirnie
Laboratory

Water Samples (VOCs 8260) 34 EA 150$         8952 5,293$      5,300$            Malcolm Pirnie
Air Samples (VOCs TO-15) 51 EA 170$         8952 8,997$      9,000$            Malcolm Pirnie

Materials 1 LS 1,000$      8952 1,038$      1,100$            Malcolm Pirnie

Subtotal Phase I Treatment Facility and Well Equipment Construction Cost: 2,293,000$     

PHASE 1 TOTALS - PCE ONLY
Subtotal Construction Cost (Wells): 900,000$        

Subtotal Phase 1 Construction Cost (PCE only): 2,293,000$     
Contractor Overhead and Profit 15% 479,000$        

City of Tucson Sales Tax: 9.60% Tax (65% of local rate) 6.24% 199,000$        
SUBTOTAL INCLUDING OH P AND TAX 3 8 000$     SUBTOTAL INCLUDING OH&P AND TAX: 3,871,000$     

Engineering & Administration (Design and Construction Services): 20% 774,000$        
SUBTOTAL  INCLUDING ENGINEERING AND ADMINISTRATION: 4,645,000$     

Contingency: 30% 1,394,000$     
TOTAL CAPITAL COST OPINION (PHASE 1 PCE ONLY): 6,039,000$     

ABBREVIATIONS:
CF =    cubic foot
CY =    cubic yard
DIP =   ductile iron pipe
GAL = gallon
Incl. =  included
kWh = kilowatt-hour
LF =     linear foot
SF =     square foot
SY =     square yard

NOTES:
1.  Spreadsheet source Malcolm Pirnie, January 27, 2010, modifications by SCS June 5, 2012.
2.  A factor of 25% of material costs was used for installation and commissioning labor for items where labor is not included in the unit cost.  
3.  Start-up monitoring including daily water and vapor phase sampling for seven days, weekly sampling for four weeks, and monthly sampling for six months.
4.  This option provided only for budgetary purposes; other alternatives may be used.
5.  (MP) indicates reference is same as cited in January 27, 2012 Cost Opinion spreadsheet.
6.  Costs in this column have been adjusted for inflation since quotes were received using ENR Construction Cost Index (CCI)
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TABLE 2
REVISED COST OPINION

SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
WIRING AND CONDUIT

Revised June 5, 2012

Item Qty Cost Per Reference Subtotal
#4/0 XHHW 19600 $1,011 100 2009 RS Means 26 05 19.90 3220 $198,156
#3/0 XHHW 11600 $820 100 2009 RS Means 26 05 19.90 3200 $95,120
#2/0 XHHW 0 $665 100 2009 RS Means 26 05 19.90 3180 $0
#1/0 XHHW 0 $539 100 2009 RS Means 26 05 19.90 3160 $0
#1 XHHW 0 $439 100 2009 RS Means 26 05 19.90 3140 $0
#2 XHHW 0 $352 100 2009 RS Means 26 05 19.90 3120 $0
#4 XHHW 0 $243 100 2009 RS Means 26 05 19.90 3100 $0
#6 XHHW 0 $169 100 2009 RS Means 26 05 19.90 3080 $0
#8 XHHW 15600 $122 100 2009 RS Means 26 05 19.90 3060 $19,032
#10 XHHW 0 $87 100 2009 RS Means 26 05 19.90 3040 $0
#12 XHHW 0 $66 100 2009 RS Means 26 05 19.90 3020 $0
#14 XHHW 0 $51 100 2009 RS Means 26 05 19.90 3000 $0
STP 32900 $115 100 2009 RS Means 26 05 19.90 $37,671
CAT 5E  (X) 0 $200 100 2009 RS Means 26 05 19.90 $0
3/4" PVC-RS Conduit 0 $13.95 Malcolm Pirnie 2009 $0
1" PVC-RS Conduit 0 $17.70 Malcolm Pirnie 2009 $0
1-1/2" PVC-RS Conduit 0 $24.00 Malcolm Pirnie 2009 $0
2" RGS Conduit 0 $31.50 Malcolm Pirnie 2009 $0
2-1/2" RGS Conduit 0 $32.00 Malcolm Pirnie 2009 $0
3" RGS Conduit 0 $41.50 Malcolm Pirnie 2009 $0
4" RGS Conduit 0 $55.50 Malcolm Pirnie 2009 $0
5" RGS Conduit 0 $96.00 Malcolm Pirnie 2009 $0
3/4" PVC Conduit 0 $2.56 Malcolm Pirnie 2009 $0
1" PVC Conduit 0 $3.14 Malcolm Pirnie 2009 $0
1-1/2" PVC Conduit 0 $4.34 Malcolm Pirnie 2009 $0
2" PVC Conduit 11400 $5.30 Malcolm Pirnie 2009 $60,420
2-1/2" PVC Conduit 0 $6.75 Malcolm Pirnie 2009 $0
3" PVC Conduit 4900 $8.95 Malcolm Pirnie 2009 $43,855
4" PVC Conduit 0 $13.05 Malcolm Pirnie 2009 $0
5" PVC Conduit 0 $18.10 Malcolm Pirnie 2009 $0
Trenching, backfill, concrete encasement 500 $5.00 $2,500

Sub-Total $456,754
Contingency $0

Total $456,754
NOTES:

1.  Spreadsheet source and cost references from Malcolm Pirnie, January 27, 2010.  Number of units and other modifications by 
SCS June 5, 2012.



TABLE 3
REVISED COST OPINION

PHASE 1 SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
ANNUAL OPERATIONS AND MAINTENANCE

Cost Items Quantity Unit Unit Cost ENR CCI Amount Subtotal5 References1

ANNUAL SYSTEM OPERATIONS2

Labor
System Operator 690 HR 90$             8952 62,100$      64,500$           Malcolm Pirnie
Engineer 60 HR 120$           8952 7,200$        7,500$              Malcolm Pirnie
Project Manager 96 HR 180$           8952 17,280$      18,000$           Malcolm Pirnie
Administrative 144 HR 65$             8952 9,360$        9,800$              Malcolm Pirnie

Power - Phase 1 PCE only
Extraction Well Pump - 40 Hp 261,298 kWh 0.10$          8952 26,130$      27,200$           Calculated
Extraction Well Pump - 60 Hp 391,946 kWh 0.10$          8952 39,195$      40,700$           Calculated
Shallow Tray Aerator - Blower 522,595 kWh 0.10$          8952 52,260$      54,300$           Calculated

Duct Heater 525,600 kWh 0.10$          8952 52,560$      54,600$           Calculated

Chemicals and Carbon - Phase 1 PCE only

Sequestering Agent 20,830 LBS 3.00$          8952 62,491$      64,900$           H2O Smart, SeaQuest

Granular Activated Carbon 12,500 LBS 2.00$          8952 25,000$      26,000$           10,000 lb, change every 9 mo

Subtotal Annual System Operations 367,500$          

ANNUAL SYSTEM MAINTENANCE3

Labor
Field Technician 200 HR 65$             8952 13,000$      13,500$           Malcolm Pirnie
Instrumant Technician 192 HR 120$           8952 23,040$      24,000$           Malcolm Pirnie
Project Manager 48 HR 180$           8952 8,640$        9,000$              Malcolm Pirnie

Subcontractor
Injection Well Back-flush (1/3 years) 0.33 LS 80,000$      8952 26,400$      27,400$           Malcolm Pirnie
Extraction Well Maintenance (1/5 years) 0.2 LS 80,000$      8952 16,000$      16,700$           Malcolm Pirnie
Well Pump Replacement (1/7 years) 0.14 LS 153,400$    8952 21,914$      22,800$           Malcolm Pirnie

Subtotal Annual System Maintenance 113,400$          

ANNUAL COMPLIANCE MONITORING AND REPORTING4

Field Technician 100 HR 80$             8952 8,000$        8,400$              Malcolm Pirnie
Engineer 160 HR 120$           8952 19,200$      20,000$           Malcolm Pirnie
Project Manager 40 HR 180$           8952 7,200$        7,500$              Malcolm Pirnie
Adminstrative 24 HR 65$             8952 1,560$        1,700$              Malcolm Pirnie
Laboratory
Water Samples (VOCs 8260) 8 EA 150.00$      8952 1,200$        1,300$              
Air Samples (VOCs TO-15) 12 EA 170.00$      8952 2,040$        2,200$              

Subtotal Annual Compliance Monitoring and Reporting 41,100$            
EXPENSES (5% of labor) 8952 8,829$        9,200$              

PHASE 1 TOTALS - PCE ONLY

SUBTOTAL : 531,000$          
Contingency: 30% 159,000$          

TOTAL O&M COST OPINION (PHASE 1 PCE ONLY): 690,000$          
NOTES:
1.  Spreadsheet source and cost references from Malcolm Pirnie, January 27, 2010.  Number of units and other modifications by SCS June 5, 2012.
2.  Operations include system start-up and shut down, chemcial delivery management, etc.  
3.  System maintenance assumes blower (lubrication and belts) and valve maintenance, back-wash injection wells, and extraction well maintenance. 
4.  Compliance monitoring assumes quarterly sampling of raw and treated water and air, data review and reduction, and monitoring report preparation.
5.  Costs in this column have been adjusted for inflation since the quotes were received using ENR Construction Cost Index (CCI)
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TABLE 4
REVISED COST OPINION

PHASE 1 SILVERBELL LANDFILL PUMP AND TREAT
SUMMARY

Revised July 3, 2012

PHASE 1 - PCE ONLY

Total Capital Cost
20-year Annualized 

Capital Cost Annual O&M Cost Total Annual Cost
20-Year Present 

Worth
6,039,000$                   527,000$                   690,000$           1,217,000$       13,954,000$            

Rate (i) = 6%
Phase 1 Years (n) = 20

All numbers in 2012 $



TABLE 1A
REVISED COST OPINION

PHASE 2 SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
CAPITAL COSTS

Cost Items Quantity Unit Unit Cost ENR CCI Materials Labor1 Item Subtotal References/Comments
POTENTIAL PHASE 2 MODIFICATION FOR MTBE/TBA/TAME
Aeration Equipment - Phase 2 for MTBE addition
Shallow Tray Aerator (stripper, blower, controls, delivery) - MTBE 2 EA 95,000$    9290 190,000$  47,500$     237,500$        BISCO Environmental, Inc. May 2012

Sound Enclosure for Air Stripper Blowers - MTBE Addition 1 EA 9,000$      8952 9,340$      2,335$       11,700$          BISCO Environmental, Inc. (MP)
Air Filter for Blower Inlet - MTBE Addition 1 EA 2,000$      8952 2,076$      519$         2,600$            BISCO Environmental, Inc. (MP)

Vapor Phase Carbon Contactor - MTBE Addition 1 EA 52,000$    9273 52,095$    13,024$     65,200$          Siemens RB10 April 2012
Duct (36"x36") - MTBE Addition 1 LS 11,830$    8952 12,277$    3,069$       15,400$          Perry Fiberglass Products (MP)

Electric Duct Heater 1 EA 9,000$      9273 9,016$      2,254$       11,300$          Brasch - Moore Mechanical April 2012
Duct Insulation 1 LS 2,083$      8952 2,162$      Incl. 2,200$            RS Means  2012 23 07 13.10 0100

Process Piping and Valves 1 LS 26,200$    8952 27,189$    6,797$       34,000$          Malcolm Pirnie (10% of equipment costs)
Transfer pumps - MTBE Addition 2 EA 12,413$    8574 26,898$    6,725$       33,700$          Grand Cayon Pumps April 2009 (MP)

Fluidized Bed Bioreactor - Phase 2 for TBA/TAME2

Design (modify Phase I piping, electrical, etc.) 1 EA -$          9290 -$          20,000$     20,000$          SCS 2012
Bioreactor Vessels 4 EA 140,000$  9290 560,000$  140,000$   700,000$        Cardno ERI May 2012
Shipping and Site Delivery 4 EA 7,600$      9290 30,400$    30,400$          Cardno ERI May 2012
Assembly 4 EA 12,550$    9290 50,200$    50,200$          Cardno ERI May 2012
Startup and 60 days O&M 1 EA 40,000$    9290 40,000$    40,000$          Cardno ERI May 2012
Materials (pumps, filters, tanks) 1 EA 50,000$    9290 50,000$    12,500$     62,500$          SCS 2012

Subtotal Potential Phase 2 Modification Cost: 1,317,000$     

Subtotal Phase 2 Construction Cost with Allowances (Assume Fluidized Bed Bioreactor): 1,317,000$     
Contractor Overhead and Profit 15% 198,000$        

City of Tucson Sales Tax: 9.60% Tax (65% of local rate) 6.24% 82,000$          
SUBTOTAL INCLUDING OH&P AND TAX: 1,597,000$     

Engineering & Administration (Design and Construction Services): 20% 319,000$        
SUBTOTAL  INCLUDING ENGINEERING AND ADMINISTRATION: 1,916,000$     

Contingency: 30% 575,000$        
TOTAL CAPITAL COST OPINION (PHASE 2): 2,491,000$     

NOTES:
1.  A factor of 25% of material costs was used for installation and commissioning labor for items where labor is not included in the unit cost.  
2.  This option provided only for budgetary purposes; other alternatives may be used.
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TABLE 3A
REVISED COST OPINION

PHASE 2 SILVERBELL LANDFILL PUMP AND TREAT SYSTEM
ANNUAL OPERATIONS AND MAINTENANCE

Cost Items Quantity Unit Unit Cost ENR CCI Amount Subtotal References

POTENTIAL PHASE 2 MODIFICATION FOR MTBE/TBA/TAME
Power - Phase 2 MTBE addition
Shallow Tray Aerator - Blower (MTBE add) 522,595 kWh 0.10$          8952 52,260$      54,300$           Calculated

Duct Heater (MTBE add) 525,600 kWh 0.10$          8952 52,560$      54,600$           Calculated

Injection Pumps (50 Hp) 653,244 kWh 0.10$          8952 65,324$      67,800$           Calculated
Chemicals and Carbon - Phase 2 MTBE addition

Granular Activated Carbon (MTBE add) 12,500 LBS 2.00$          8952 25,000$      26,000$           10,000 lb, change every 9 mo

Bioreactor - Phase 2 TBA/TAME addition (assume 10 years of operation)
Bioreactor Maintenance and Cleaning 12 MO 8,000$        9290 96,000$      96,000$           Cardno ERI

Subtotal Phase 2 O&M 298,700$         

SUBTOTAL : 299,000$         
Contingency: 30% 90,000$           

TOTAL O&M COST OPINION: 389,000$         

Revised June 5, 2012



TABLE 4A
REVISED COST OPINION

PHASE 2 SILVERBELL LANDFILL PUMP AND TREAT
SUMMARY

Revised June 6, 2012

Total Capital Cost
10-year Annualized 

Capital Cost Annual O&M Cost Total Annual Cost
10-Year Present 

Worth
2,491,000$          339,000$                   389,000$           728,000$          5,355,000$              

Rate (i) = 6%
Years (n) = 10

All numbers in 2012 $
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The Water Division of ARCADIS _____________________

January 27, 2011

Ms. Molly Collins
Environmental Manager
City of Tucson, Environmental Services
4004 5. Park Avenue, Bldg 1 and Bldg 2
Tucson, AZ 85726-7210

RE: SILVERBELL GROUNDWATER REMEDIATION SYSTEM COST OPINION UPDATE

Dear Ms. Collins:

Malcolm Pirnie, the Water Division of ARCADIS, is pleased to submit this letter report updating the
cost opinion for the groundwater remediation system at the Silverbell Landfill Water Quality Revolving Fund
(WOARF) Site originally prepared by Malcolm Pirnie, Inc. in November 2009 as a subcontractor to Clear
Creek Associates and presented in the SRverbell Landfill WOARF Site - RemedialAction P/an Implementation
Evaluation of RemedialA/ternatives(Clear Creek Associates 2010). The City of Tucson - Environmental
Services (COTES) is actively engaged in implementing the recommendations presented in the Clear Creek
Associates (2010) remedial action plan implementation report. The update to the engineer’s conceptual cost
opinion presented in the remedial action implementation plan evaluation is based on costs developed in 2009
and includes the baseline assumption that COTES staff would operate, monitor, and maintain the remediation
systems. The purpose of this project is to update the conceptual cost opinion to December 2010 prices, as
well as update operations costs assuming a non-city contractor will be responsible for operations. The Cost
Opinion Update has been prepared in conjunction with the On-Call Environmental Design and Construction
Services and Operations Support contract (Contract No. 062063 04, Amendment 4) between the City of
Tucson and Malcolm Pirnie.

Project Approach

Malcolm Pirnie updated unit costs for materials to 2010 pricing levels as presented in the 2010 RS Means
Construction Cost Data and contacted vendors to update equipment costs. Review of the 2010 RS Means
Electrical Cost Data indicated that costs for electrical equipment and materials decreased by approximately
10 to 20 percent compared to general cost data presented in the 2009 RS Means Electrical Cost Data. It is
assumed the decrease in electrical equipment cost data from 2009 to 2010 is largely related to economic
factors in 2009 and pricing of material costs at that time. Cost for copper rose to over four dollars per pound
($4.00/Ib) in late 2010. Copper prices are projected to continue rising during 2011. Copper prices were most
recently over $4.00/lb during the summer of 2008. Copper prices plummeted in late 2008 from more than
$4.00/lb to less than $1.60/lb (source: http:/lnvestinmetal.com). The RS Means 2009 Electrical Cost Data
was based on the high material costs for electrical equipment in mid-2008, while the greatly reduced
material cost data for electrical equipment presented in the RS Means 2010 Electrical Cost Data was based
on the lower copper prices prevalent during 2009 and 2010. Based on current trends for 2011 and beyond,
material costs for electrical equipment and electrical equipment costs are increasing and are expected to
approach 2009 costs. Based on the current economic environment and engineering judgment, the
conceptual cost opinion for electrical and instrumentation are based on 2009 RS Means Cost Data.

Regulatory permitting and monitoring requirements were not available for the evaluation report (Clear Creek
Associates, 2010) and regulatory compliance costs, therefore, were not included in the conceptual cost
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opinion. Since January 2010, COTES has been in discussions with the Arizona Department of Water
Resources (ADWR) and the Arizona Department of Environmental Quality (ADEQ) to determine permitting
requirements for operating the groundwater remediation system as described in the evaluation report.
ADWR will require a Poor-quality Groundwater-withdrawal Permit. The permit requires the operator to
monitor groundwater withdrawals and prepare two semi-annual monitoring reports and one annual
withdrawal report. Initial design, construction, and startup of remediation systems would require regulatory
oversight costs, which are conceptually addressed in this updated cost opinion strictly based on assumptions
presented in this memorandum. It is assumed that the regulatory agencies will require a facility startup plan,
which will include monitoring of treatment plant influent and effluent. It is assumed that daily monitoring will
be required the first week of operation, weekly monitoring will be require for the first full month of operation,
and monthly sampling for the next six months. Any additional regulatory costs will be dependent on agency
requirements for system operations, which will be developed as part of the design and permitting process.

All operation and maintenance (0&M) costs were updated assuming third-party pricing levels for operation,
maintenance, and reporting and added to the updated cost opinion on a conceptual level to address potential
costs. It was assumed that operations of the system will include routine startup and shutdown of the system,
equipment and well maintenance, chemical delivery and management, quarterly sampling of water treatment
system (influent and effluent sampling) and air treatment (exhaust), and operations reporting will be
performed as part of this contract.

Capital Costs

The updated conceptual capital cost opinion was developed based on the conceptual design for the
extraction wells, treatment facility, and injection wells presented in the SilverbellLandflll WQARFS1te -

Remedial Act/on P/an Implementation Evaluation of Remedial Alternatives (Clear Creek Associates 2010). The
conceptual design drawings from the 2010 evaluation report are attached to this technical memorandum for
reference. The updated conceptual capital cost estimates presented herein are based on available existing
studies, recent projects with similar components, manufacturer’s budget estimates, standard construction
cost estimating manuals, and engineering judgment. Process equipment costs include an allowance of 5
percent for both piping and site work. All capital costs include a 20 percent factor for engineering and
administrative costs, a 30 percent factor for contingencies, and 15 percent for contractor overhead and
profit. The 30 percent contingency is required to account for the level of detail normally associated with
conceptual-level design.

Cost opinions are expressed in December 2010 dollars (20 Cities Average Engineering News Record
Construction Cost Index — 8952). The level of accuracy for the cost estimates corresponds to the Class 4
estimate as defined by the Association for the Advancement of Cost Engineering (AACE) International. This
level of engineering cost estimating is approximate and generally made without detailed engineering data
and site layouts, but is appropriate for preliminary budget-level estimating. The accuracy range of a Class 4
estimate is minus 30 percent to plus 50 percent. All of the cost assumptions that were made in the
development of the original equipment list and conceptual cost opinion in the SilverbellLandfil WQARFS1te -

RemedialAction Plan Implementation Evaluation of RemedialAlternatives (Clear Creek Associates 2010).

The equipment list and the conceptual-level capital cost opinion for the treatment system are provided in
Table 1. The updated cost opinion is based on vender quote updates for major equipment for the treatment
processes, cost scaling from May 2009 (ENR CCI = 8547) to December 2010 (ENR CCI = 8952) for extraction
well and injection well installation, and RS Means Cost Data evaluations for general construction and
electrical elements. As previously stated, general construction components are based on 2010 RS Means
Building Construction Cost Data and electrical components are based on 2009 RS Means Electrical Cost Data.
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The material costs for electrical components are discussed in detail in the Project Approachon the first page
of this letter report. The construction cost associated with electrical requirements for the remediation
system conceptual design at the Silverbell Landfill WOARF Site account for over 50 percent of the capital
construction cost of the entire system. In the conceptual design (Clear Creek, 2010), a new electrical service
was assumed for the treatment site location at the south cell of the landfill adjacent to the former police
small arms range. Individual services at each well site were determined to be infeasible due to the locations
of these well sites within the Silverbell Golf Course. The COTES had discussions with Tucson Electric Power
(TEP) and determined that power drops to individual extraction well sites within the golf course would be
cost prohibitive. The wiring and conduits for power delivery and well controls are assumed to run from the
treatment site to the individual well locations. The extensive underground wiring and conduit runs are
detailed in Table 2 and are largely responsible for the relatively high electrical cost. Costs for development,
production, and implementation of the start-up plan are included in the capital costs, for these are one-time
costs associated with capital system start-up rather than routine operations.

O & M Conceptual Cost Opinion

The conceptual 0&M cost opinion has been updated to identify potential items that will affect operations and
maintenance of the proposed groundwater remediation system at the Silverbell Landfill. The 0&M cost
opinion is presented in Table 3 in three general categories:

1) Remediation system start-up, shut-down, and operations
2) Remediation system maintenance
3) Remediation system monitoring and reporting

The basis of the cost opinion for each of these categories is described below.

1) Conceptual Cost Opinion for Operations -The cost opinion for the operations of the Silverbell Landfill
groundwater remediation system is based on the following assumptions:

• Operator hours based on one-third full-time operator time (assuming 2,080 hours per year)
• Project manager time at 8 hours per month and invoicing and administrative time of 12 hours

per month.
• Engineering time at 5 hours per month for responding to miscellaneous project specific

needs.
• Cost rates based on engineer’s judgment.
• Power usage based on pump, blower, and duct heater demands at $0.10 per kilowatt-hour.
• Chemical usage based on vendor estimate of approximately 36 pounds (Ibs) sequestering

agent per day at 800 gallons per minute (gpm) flow rate.
• Granular Activated Carbon (GAC) change-outs of 5,000 lbs capacity every 9 months. The

nine-month carbon life estimate is based on early operations of the Tucson International
Airport Groundwater Remediation Project (TARP) from 1994 through 2005. More recent
GAC change-outs have been on an approximate annual basis.

2) Conceptual Cost Opinion for Maintenance -The conceptual design in the remedial action plan
implementation evaluation (Clear Creek Associates 2010) does not include estimates of maintenance
schedules for equipment. The conceptual cost opinion presented herein is only for the purpose of
identifying typical maintenance issues that may arise in operations of air-stripping treatment
systems, groundwater extraction wells, and groundwater injection wells. The assumptions used to
develop maintenance costs are as follows:

• Field technician time for equipment lubrication, blower maintenance, and field calibration of
instruments as well as general site maintenance activities.

• Instrument technician time based on 16 hours per month, operations of the TARP
demonstrate that calibration and maintenance of instruments are generally the most labor
intensive portion of the maintenance program for the water treatment plant.
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• Injection well design is based on minimizing requirements for injection well maintenance;
however, back-flushing events should be planned for. Back-flushing is assumed to occur
every 3 years at a cost of $20,000 per well based on engineering judgment from costs
associated with Aquifer Storage and Recovery (ASR) wells.

• Extraction well maintenance including pulling well pumps and piping, swabbing casing, and
purging would be performed on a 5-year cycle. This interval is consistent with the current
maintenance cycle for the TARP South Well Field (SWF) wells, which have a similar
submersible pump design. Well maintenance events are assumed to cost approximately
$20,000 per event.

• Extraction well pump replacement program assumes replacement of submersible well pumps
once every 7 years. Replacement costs are based on initial well installation costs.

• Maintenance on blowers (lubrication and belts) and maintenance of flow control and check
valves.

3) Conceptual Cost Opinion for Monitoring and Reporting- The monitoring and reporting cost opinion is
based on quarterly sampling of influent and effluent water at the shallow-tray air stripping unit and
air samples of the influent, effluent, and carbon bed of the GAC contactor. The updated 0&M
conceptual cost opinion is based on the quarterly monitoring of water and vapor-phase treatment
systems. The system start-up and shake-down monitoring is assumed to be part of the capital
construction cost presented in Table 1. Water samples for both programs are assumed to be analyzed
for volatile organic compounds (VOC5) by EPA Method 8260 and air samples by EPA Method T0-15.
Reporting is assumed to include data reduction and validation and quarterly monitoring reports to
the City of Tucson and ADEQ to determine whether system operation is achieving the remedial action
objectives. Two semi-annual monitoring reports are assumed to be prepared for distribution to ADWR
and ADEO and one annual withdrawal report to ADWR based on requirements of the Poor-quality
Groundwater-withdrawal Permit.

Summary

Table 4 provides a summary of the updated cost opinion for the implementation of the Silverbell Landfill
WQARF site Remediation Action Plan. The total capital cost is estimated at approximately $7.3 million and
the annual operation costs at approximately $692,000 per year. The annualized capital cost estimate and
the present worth estimate of combined capital and 0&M costs are based on a 20-year term at an annualized
6 percent interest rate. We appreciate the opportunity to work with COTES updating this conceptual cost
opinion.

Very truly yours,

MALCOLM PIRNIE
The Water Division of I4RCADIS U.S., inc.

imes W. Dettmer, P.E., BCEE
incipal Engineer

c. Glenn Hoeger, ARCADIS-US/Malcolm Pirnie
George Maseeh, ARCADIS-US/Malcolm Pirnie

Attachments
00949059.0000
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Engineer's Conceptual Opinion of Probable Capital Costs

Pump and Treat Only / Year Round

Materials Labor (Note 1)

References Quantity Unit Unit Cost ENR CCI

Total Materials 

December 2010
2

25%

Item Subtotal 

(December 2010)
2

CONSTRUCTION COSTS

Wells

Extraction Wells (includes 4 extraction wells) Clear Creek / Layne 1 LS 652,000$     8574 680,745$             Incl. 680,800$                  

Injection Wells (includes 4 injection wells) Clear Creek / Layne 1 LS 780,800$     8574 815,223$             Incl. 815,300$                  

Subtotal Well Construction Cost: 1,496,100$               
Well Pumps

6-in Extraction Well Pump w/VFD Grand Canyon Pump & Supply 4 EA 6,222$         8952 24,888$               6,222$               31,200$                    

1" Sounding Tube, PVC Ryan Herco 1940 LF 0.72$           8574 1,458$                 365$                  1,900$                      

1" Transducer Tube, PVC Ryan Herco 1940 LF 0.72$           8574 1,458$                 365$                  1,900$                      

Transducers Malcolm Pirnie 8 EA 2,500$         8574 20,882$               5,220$               26,200$                    

4" Galvanized Steel Extraction Well Piping RS Means 2010 22 11 13.44 1400 1,080 LF 73$              8952 78,840$               Incl. 78,900$                    

4" Galvanized Steel Injection Well Piping RS Means 2010 22 11 13.44 1400 1,240 LF 73$              8952 90,520$               Incl. 90,600$                    

Inflatable Packer Baski 4 EA 17,000$       8574 70,998$               Incl. 71,000$                    

8" Flow Control Valve (motor-operated) Dezurik 4 EA 7,530$         8574 31,448$               7,862$               39,400$                    

Extraction Well Heads

Pre-fabricated Utility Box (5'x10'x6') RS Means 2010 33 05 16.13 0050 4 EA 3,675$         8952 14,700$               Incl. 14,700$                    

Aluminum checkered Man-way Plate Cover (4'x6'; 24 SF) RS Means 2010 05 54 13.20 0300 4 EA 641$            8952 2,564$                 Incl. 2,600$                      

Excavation (7'x12'x6') RS Means 2010 31 23 16.16 6060 2,016 EA 10$              8952 19,555$               Incl. 19,600$                    

Compacted Fill, 12" RS Means 2010 31 23 23 2000 336 CY 3$                8952 884$                    Incl. 900$                         

Combination Air/Vacuum Release Valve Assembly with Tee Malcolm Pirnie 4 EA 1,050$         8185 4,594$                 1,148$               5,800$                      

4" Check Valve RS Means 2010 23 05 23.80.1460 4 EA 1,375$         8952 5,500$                 Incl. 5,500$                      

4" PVC Ball Valve RS Means 2009 22 05 23.60 5910 4 EA 425$            8574 1,775$                 444$                  2,300$                      

4" Flow Meter Micrometer 4 EA 1,400$         8185 6,125$                 1,531$               7,700$                      

Site Work

Gravel Driveway (6" thick) RS Means 2010 32 11 23.23 0100 134 CY 7.86$           8574 1,098$                 Incl. 1,100$                      

Chain Link Fence, 3-strand barbed wire (6 ft) SAVSARP - cost opinion 456 LF 17$              7942 8,692$                 Incl. 8,700$                      

10-in Ductile Iron Pipe - from extraction wells to treatment plant ACIPCO 3,683 LF 21$              8952 77,527$               19,382$             97,000$                    

8-in Ductile Iron Pipe - from treatment system to injection wells ACIPCO 4,645 LF 16$              8952 75,714$               18,928$             94,700$                    

Trench Excavation (for 10-in Ductile Iron Pipe) RS Means 2010, 31 23 16.13 0090 1,184 CY 4.74$           8952 5,612$                 Incl. 5,700$                      

Trench Excavation (for 8-in Ductile Iron Pipe) RS Means 2010, 31 23 16.13 0091 1,330 CY 4.74$           8952 6,303$                 Incl. 6,400$                      

Backfill (for 10-in Ductile Iron Pipe) RS Means 2010, 31 23 23.13 1900 1,110 CY 4.63$           8952 5,138$                 Incl. 5,200$                      

Backfill (for 8-in Ductile Iron Pipe) RS Means 2010, 31 23 23.13 1900 1,236 CY 4.63$           8952 5,723$                 Incl. 5,800$                      

Electrical and Instrumentation & Controls Site Work

Electrical utility service to plant Malcolm Pirnie/2009 RS Means 1 LS $100,000 8952 100,000$             Incl. 100,000$                  

Service Entrance Switchboard (480V, 1200A, NEMA 3R) Malcolm Pirnie/2009 RS Means 1 EA $50,000 8952 50,000$               Incl. 50,000$                    

Motor Control Center (480V, 1200A, NEMA 12) Malcolm Pirnie/2009 RS Means 1 EA $100,000 8952 100,000$             Incl. 100,000$                  

Variable Frequency Drives  (20HP for Extraction Wells) Malcolm Pirnie/2009 RS Means 4 EA $20,000 8952 80,000$               Incl. 80,000$                    

Variable Frequency Drives  (50HP for Injection Wells) Malcolm Pirnie/2009 RS Means 2 EA $40,000 8952 80,000$               Incl. 80,000$                    

Miscellaneous Loads (lighting, grounding, receptacles) Malcolm Pirnie/2009 RS Means 1 LS $50,000 8952 50,000$               Incl. 50,000$                    

Flow Control Valve Disconnect Switches Malcolm Pirnie/2009 RS Means 4 EA $1,000 8952 4,000$                 Incl. 4,000$                      

Treatment Plant Conduit and Wire Malcolm Pirnie/2009 RS Means 1 LS $100,000 8952 100,000$             Incl. 100,000$                  

Site Conduit and Wire Table 2 1 LS $669,535 8952 669,535$             Incl. 669,600$                  

Injection Concrete Hand Holes Malcolm Pirnie/2009 RS Means 10 EA $2,500 8952 25,000$               Incl. 25,000$                    

Extraction Concrete Hand Holes Malcolm Pirnie/2009 RS Means 10 EA $2,500 8952 25,000$               Incl. 25,000$                    

Table 1
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Engineer's Conceptual Opinion of Probable Capital Costs

Pump and Treat Only / Year Round

Table 1

Materials Labor (Note 1) Item Subtotal

References Quantity Unit Unit Cost ENR CCI Amount 25% (December 2010)
2

Instrumentation

Ultrasonic Level Transmitter Malcolm Pirnie/2009 RS Means 3 EA $1,000 8952 3,000$                 Incl. 3,000$                      

Level Switch - Float Malcolm Pirnie/2009 RS Means 3 EA $500 8952 1,500$                 Incl. 1,500$                      

Propeller Flowmeter Malcolm Pirnie/2009 RS Means 9 EA $2,000 8952 18,000$               Incl. 18,000$                    

Magnetic Flowmeter Malcolm Pirnie/2009 RS Means 1 EA $5,000 8952 5,000$                 Incl. 5,000$                      

Differential Pressure Transmitter Malcolm Pirnie/2009 RS Means 1 EA $500 8952 500$                    Incl. 500$                         

Pressure Indicator Malcolm Pirnie/2009 RS Means 2 EA $500 8952 1,000$                 Incl. 1,000$                      

Pressure Switch Malcolm Pirnie/2009 RS Means 2 EA $500 8952 1,000$                 Incl. 1,000$                      

Diaphram Seal Malcolm Pirnie/2009 RS Means 2 EA $500 8952 1,000$                 Incl. 1,000$                      

Relative Humidity Analyzer Malcolm Pirnie/2009 RS Means 1 EA $5,000 8952 5,000$                 Incl. 5,000$                      

Local Control Panel LCP-SB Malcolm Pirnie/2009 RS Means 1 EA $75,000 8952 75,000$               Incl. 75,000$                    

Local Control Panel LCP-CHEM Malcolm Pirnie/2009 RS Means 1 EA $25,000 8952 25,000$               Incl. 25,000$                    

Concrete (Bldg Foundation & Structures)

Excavation RS Means 2010 31 23 16.16 6070 119 CY 13$              8952 1,550$                 Incl. 1,600$                      

Compacted Fill, 6" RS Means 2010 31 23 23 2000 60 CY 2$                8952 127$                    Incl. 200$                         

Concrete Slab on Grade, 12" RS Means 2010 03 30 53.40 4700 119 CY 153$            8952 18,226$               Incl. 18,300$                    

Equipment Pads, (i.e. air stripper and chemical totes), 6" thick RS Means 2010 03 30 53.40 5210 392 SF 11$              8952 4,134$                 Incl. 4,200$                      

Building

Canopy RS Means 2010 10 73 16.20.7750 1750 SF 31$              8952 54,390$               Incl. 54,400$                    

Secondary Containment Curb for Totes (Concrete) RS Means 2010 32 16 13.13 0400 60 LF 13$              8952 804$                    Incl. 900$                         

Electrical Building Tucson Water - control building cost 1 LS 20,000$       7942 22,543$               5,636$               28,200$                    

Air Conditioner RS Means 2010 23 81 13.10 0260 1 EA 1,164$         8952 1,164$                 Incl. 1,200$                      

PROCESS EQUIPMENT
Anti-scale treatment

Chemical pumps for sequstering agent injection Pollard Water 2 EA 365$            8528 766$                    192$                  1,000$                      

Aeration Equipment

Shallow Tray Aerator (incl. air stripper, blower, control panel, delivery)

BISCO Environmental, Inc. - NEEP Systems 

quote - 2 required for ND scenario 2 EA 83,000$       8952 166,000$             41,500$             207,500$                  

Sound Enclosure for Air Stripper Blowers BISCO Environmental, Inc. - NEEP Systems 2 EA 9,000$         8952 18,000$               4,500$               22,500$                    

Air Filter for Blower Inlet BISCO Environmental, Inc. - NEEP Systems 2 EA 2,000$         8952 4,000$                 1,000$               5,000$                      

Vapor Phase Carbon Contactor Siemens RB5 quote - max capacity 5,000 1 EA 31,650$       8952 31,650$               7,913$               39,600$                    

Duct (36"x36") Perry Fiberglass Products 1 LS 11,830$       8952 11,830$               2,958$               14,800$                    

Electric Duct Heater Brasch 1 EA 6,000$         8528 6,298$                 1,575$               7,900$                      

Duct Insulation RS Means  2010 23 07 13.10 0100 1 LS 1,783$         8952 1,783$                 Incl. 1,800$                      

Process Piping and Valves Malcolm Pirnie (10% of equipment costs) 1 LS 22,565$       8952 22,565$               5,641$               28,300$                    

Transfer pumps Grand Cayon Pumps April 2009 2 EA 12,413$       8574 25,919$               6,480$               32,400$                    

Start-up Plan Development

Engineer Malcolm Pirnie 60 HR 120$            8952 7,200$                 7,200$                      

Senior Engineer Malcolm Pirnie 4 HR 220$            8952 880$                    900$                         

Project Manager Malcolm Pirnie 16 HR 180$            8952 2,880$                 2,900$                      

Adminstrative Malcolm Pirnie 16 HR 65$              8952 1,040$                 1,100$                      
Materials 1 LS 1,000.00$    8952 1,000$                 1,000$                      

Start-up Plan Implementation and Reporting
3

Field Technician Malcolm Pirnie 120 HR 80$              8952 9,600$                 9,600$                      

Engineer Malcolm Pirnie 40 HR 160$            8952 6,400$                 6,400$                      

Project Manager Malcolm Pirnie 16 HR 180$            8952 2,880$                 2,900$                      

Adminstrative Malcolm Pirnie 16 HR 65$              8952 1,040$                 1,100$                      
Laboratory

Water Samples (VOCs 8260) 34 EA 150.00$       8952 5,100$                 5,100$                      

Air Samples (VOCs TO-15) 51 EA 170.00$       8952 8,670$                 8,700$                      

Materials 1 LS 1,000.00$    8952 1,000$                 1,000$                      

Subtotal 46,900$                    

Subtotal Treatment Facility and Well Equipment Construction Cost: 2,562,000$               
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Engineer's Conceptual Opinion of Probable Capital Costs

Pump and Treat Only / Year Round

Table 1

Subtotal Construction Cost with Allowances (Treatment Facility and Well Equipment): 2,562,000$               

Subtotal Construction Cost (Wells): 1,496,100$               

Contractor Overhead and Profit 15% 384,000$                  

City of Tucson Sales Tax: 9.60% Tax (65% of local rate) 6.24% 253,000$                  

SUBTOTAL INCLUDING OH&P AND TAX: 4,695,100$               

Engineering & Administration (Design and Construction Services): 20% 939,000$                  

SUBTOTAL  INCLUDING ENGINEERING AND ADMINISTRATION: 5,634,100$               

Contingency: 30% 1,690,000$               

TOTAL CAPITAL COST OPINION: 7,324,100$               

ABBREVIATIONS:

CF =    cubic foot

CY =    cubic yard

DIP =   ductile iron pipe

GAL = gallon

Incl. =  included

kWh = kilowatt-hour

LF =     linear foot

SF =     square foot

SY =     square yard

NOTES:

1.  A factor of 25% of material costs was used for installation and commissioning labor for items where labor is not included in the unit cost.  

2.  ENR CCI December 2010 = 8952

3.  Start-up monitoring including daily water and vapor phase sampling for seven days, weekly sampling for four weeks, and monthly sampling for six months.
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Item Qty Cost Per Reference Subtotal
#4/0 XHHW 10800 $1,011 100 2009 RS Means 26 05 19.90 3220 $109,188
#3/0 XHHW 19200 $820 100 2009 RS Means 26 05 19.90 3200 $157,440
#2/0 XHHW 0 $665 100 2009 RS Means 26 05 19.90 3180 $0
#1/0 XHHW 4800 $539 100 2009 RS Means 26 05 19.90 3160 $25,872
#1 XHHW 0 $439 100 2009 RS Means 26 05 19.90 3140 $0
#2 XHHW 0 $352 100 2009 RS Means 26 05 19.90 3120 $0
#4 XHHW 1600 $243 100 2009 RS Means 26 05 19.90 3100 $3,888
#6 XHHW 0 $169 100 2009 RS Means 26 05 19.90 3080 $0
#8 XHHW 62000 $122 100 2009 RS Means 26 05 19.90 3060 $75,640
#10 XHHW 0 $87 100 2009 RS Means 26 05 19.90 3040 $0
#12 XHHW 0 $66 100 2009 RS Means 26 05 19.90 3020 $0
#14 XHHW 0 $51 100 2009 RS Means 26 05 19.90 3000 $0
STP 78700 $115 100 2009 RS Means 26 05 19.90 $90,112
CAT 5E  (X) 0 $200 100 2009 RS Means 26 05 19.90 $0
3/4" PVC-RS Conduit 0 $13.95 Malcolm Pirnie 2009 $0
1" PVC-RS Conduit 0 $17.70 Malcolm Pirnie 2009 $0
1-1/2" PVC-RS Conduit 0 $24.00 Malcolm Pirnie 2009 $0
2" RGS Conduit 0 $31.50 Malcolm Pirnie 2009 $0
2-1/2" RGS Conduit 0 $32.00 Malcolm Pirnie 2009 $0
3" RGS Conduit 0 $41.50 Malcolm Pirnie 2009 $0
4" RGS Conduit 0 $55.50 Malcolm Pirnie 2009 $0
5" RGS Conduit 0 $96.00 Malcolm Pirnie 2009 $0
3/4" PVC Conduit 0 $2.56 Malcolm Pirnie 2009 $0
1" PVC Conduit 0 $3.14 Malcolm Pirnie 2009 $0
1-1/2" PVC Conduit 0 $4.34 Malcolm Pirnie 2009 $0
2" PVC Conduit 34100 $5.30 Malcolm Pirnie 2009 $180,730
2-1/2" PVC Conduit 0 $6.75 Malcolm Pirnie 2009 $0
3" PVC Conduit 2700 $8.95 Malcolm Pirnie 2009 $24,165
4" PVC Conduit 0 $13.05 Malcolm Pirnie 2009 $0
5" PVC Conduit 0 $18.10 Malcolm Pirnie 2009 $0

Trenching, backfill, concrete encasement 500 $5.00 $2,500

Sub-Total $669,535
Contingency $0
Total $669,535

Table 2
Engineer's Conceptual Opinion of Probable Conduit and Wire Costs

Pump and Treat Only / Year Round
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Engineer's Conceptual Opinion of Probable Annual O&M Costs

Pump and Treat Only / Year Round

Materials Item Subtotal

References Quantity Unit Unit Cost ENR CCI Amount

Annual System Operations
1

Labor

System Operator Malcolm Pirnie 690 HR 90$              8952 62,100$      62,100$             

Engineer Malcolm Pirnie 60 HR 120$            8952 7,200$        7,200$               

Project Manager Malcolm Pirnie 96 HR 180$            8952 17,280$      17,300$             

Administrative Malcolm Pirnie 144 HR 65$              8952 9,360$        9,400$               

Power

Extraction Well Pumps (20 Hp) Calculated 522,595 kWh 0.10$           8952 52,260$      52,300$             

Shallow Tray Aerator - Blower Calculated 522,595 kWh 0.10$           8952 52,260$      52,300$             

Duct Heater Calculated 525,600 kWh 0.10$           8952 52,560$      52,600$             

Injection Pumps (50 Hp) Calculated 653,244 kWh 0.10$           8952 65,324$      65,400$             

Chemicals and Carbon

Sequestering Agent

H2O Smart, SeaQuest 

Product 13,331 LBS 3.00$           8952 39,994$      40,000$             

Granular Activated Carbon (GAC)

Siemens RB5 quote - 5,000 

pound maximum, Calgon 

price per pound quote 7,500 LBS 2.00$           8952 15,000$      15,000$             

Subtotal 373,600$           

Annual System Maintenance
2

Labor

Field Technician Malcolm Pirnie 200 HR 65$              8952 13,000$      13,000$             

Instrumant Technician Malcolm Pirnie 192 HR 120$            8952 23,040$      23,100$             

Project Manager Malcolm Pirnie 48 HR 180$            8952 8,640$        8,700$               

Subcontractor

Injection Well Back-flush (1/ 3 years) Malcolm Pirnie 0.33 LS 80,000$       8952 26,400$      26,400$             

Extraction Well Maintenance (1/5 years) Malcolm Pirnie 0.2 LS 80,000$       8952 16,000$      16,000$             

Well Pump Replacement (1/7 years) Malcolm Pirnie 0.14 LS 119,600$     8952 17,086$      17,100$             

Subtotal 104,300$           

Annual Compliance Monitoring and Reporting
3

Field Technician Malcolm Pirnie 100 HR 80$              8952 8,000$        8,000$               

Engineer Malcolm Pirnie 160 HR 120$            8952 19,200$      19,200$             

Project Manager Malcolm Pirnie 40 HR 180$            8952 7,200$        7,200$               

Adminstrative Malcolm Pirnie 24 HR 65$              8952 1,560$        1,600$               

Laboratory

Water Samples (VOCs 8260) 8 EA 150.00$       8952 1,200$        1,200$               

Air Samples (VOCs TO-15) 12 EA 170.00$       8952 2,040$        2,100$               

Subtotal 39,300$             

Expenses (5 percent Labor) 8952 15,152$      15,200$             

SUBTOTAL : 532,000$           

Contingency: 30% 160,000$           

TOTAL O&M COST OPINION: 692,000$           

NOTES:

1.  Operations include system start-up and shut down, chemcial delivery management, and .  

2. System maintenance assumes blower (lubrication and belts) and valve maintenance, back-wash injection wells and extraction well maintenance 

    once every three years, and pump replacement once every 7 years.

3. Compliance monitoring assumes quarterly sampling of raw and treated water and air, data review and reduction, and monitoring report preparation.

4.  ENR CCI December 2010 = 8952

Table 3

00949059.0000



Total Capital 

Cost

20-year Annualized 

Capital Cost

Annual O&M 

Cost

Total Annual 

Cost

20-Year Present 

Worth

2010 $ 2010 $ 2010 $ 2010 $ 2010 $

Alternative 1 7,324,100$         639,000$                  692,000$          1,331,000$      15,262,000$           

Assumptions: Rate (i) = 6%

Years (n) = 20

Summary of Cost Opinion Data for Remdial Alternatives of Groundwater

Table 4

Remediation 

Alternative

 at the Silverbell Landfill WQARF Site

00949059.0000
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MALCOLM PIRNIE, INC.City of Tucson Environmental Services
Silverbell RAP Implementation

Extraction Well Equipment FIGURE 21

NOVEMBER 2009

Not to Scale

To treatment system

Combination Air/Vacuum 
Release Valve

Flow Meter

1” Transducer

12” Aggregate Base Course

12” Casing

PRELIMINARY – NOT FOR CONSTRUCTION

6” Submersible well pump, with suction 
inlet elevation ~270 feet below grade 

Screened casing (typ)

Blank casing (typ)

4” Pump discharge

A/V Check Valve

Ball Valve

3/4” Vent

Bolt-down Aluminum 
Cover Plate

Concrete foundation

1” Sounding tube



MALCOLM PIRNIE, INC.City of Tucson Environmental Services
Silverbell RAP Implementation

Injection Well Equipment FIGURE 22

NOVEMBER 2009

Not to Scale

From treatment system

3/4” Vent

1” Transducer

1” Sounding tube

Concrete foundation

10” Casing

Screened casing (typ)

Blank casing (typ)

4” Injection pipe, 
terminate at elevation 
~310 feet below grade

Inflatable packer

PRELIMINARY – NOT FOR CONSTRUCTION
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